Flask sealing on in vitro seed germination and morphogenesis of two types of ornamental pepper explants.
INTRODUCTION
Acclimatization is a key process in the production of healthy plantlets. However, this process is complicated due differences in variables, such as relative humidity (RH), temperature, ventilation, and nutrient concentrations between the ex vitro environment and the in vitro environment (CHA-UM et al., 2010) . Low CO 2 concentrations and ethylene accumulation in closed flasks are factors that can directly interfere in in vitro photosynthetic rates of plants and; thus, in their multiplication rate and survival during acclimatization (ARAGÓN et al., 2010) . Furthermore, RH inside the flasks can cause anatomical anomalies that generally reduce the survival rate during acclimatization (HAZARIKA, 2006) .
Lids that allow higher gas exchange through membranes were used to improve ventilation inside culture flasks, reducing RH and thereby increasing transpiration and effective water and nutrient Batista et al. absorption in plants (KOZAI, 2010; XIAO et al., 2011) . MilliSeal ® membranes have been successfully used to improve gas exchange in the culture flask in the propagation of many species, including Pfaffia glomerata (IAREMA et al., 2012; SALDANHA et al., 2013 SALDANHA et al., , 2014 CORRÊA et al., 2015) , Azadirachta indica (RODRIGUES et al., 2011) , Alha gigraecorum (ZOBAYED et al., 2006) , and Eucalyptus tereticornis (SHAVALLI KHAN et al., 2002) .
Unlike other members of the Solanaceae family, which have morphogenesis easily reproduced protocols, chillies and peppers of the genus Capsicum are recalcitrant to in vitro culturing. Nevertheless, certain protocols for their micropropagation have been established (KOTHARI et al., 2010) . SANTANA-BUZZY et al. (2005) reported a high sensitivity to ethylene in peppers and observed chlorosis and leaf abscission in leaf primordia development with quick loss of vigor. However, when these explants were kept in vessels that allowed higher gas exchange, regeneration and plantlet development proceeded normally. MOHAMED & ALSADON (2011) evaluated the effect of gas exchange in the micropropagation of Capsicum annuum and observed that the type of flask used affects the appearance of morphogenic calli, organogenesis, and plantlet growth. GARRUÑA-HERNÁNDEZ et al. (2013) also reported that an increased CO 2 concentration has a positive effect on pungency in Capsicum chinense Jacq. suggesting that at least part of the additional fixed CO 2 could be directed to the capsaicinoids synthesis. This study aimed to evaluate the effect of flask sealing and explant type on the in vitro morphogenesis of ornamental pepper. . Seeds were germinated in a growth-room environment with a light regime of 16h and irradiance of 60μmol m -2 s -1 using 2 fluorescent lamps (HO Sylvania T12-110 W) at 25±2°C.
MATERIALS AND METHODS

Seeds of
Ten-millimeter-long hypocotyl and cotyledon segments of in vitro germinated C. annuum plantlets were inoculated into a morphogenesis-inducing media enriched with the growth regulators 6-BA (6-Benzylaminopurine) (22.2µM) and IAA (Indole-3-acetic acid) (5.71µM). Subsequently, 5 explants were added to a 250-mL glass flask using the same gas exchange levels that were used in the germination media.
Effects of each treatment were evaluated throughout the entire plantlet growth period by monitoring the following characteristics: germination (%), fresh weight (g), hypocotyl length (cm), leaf length (mm), leaf width (mm), and number of leaves per plantlet.
After 30 days of germination, chlorophyll a, chlorophyll b, and carotenoids were performed according to SANTOS et al. (2008) , 6 leaf discs (7mm in diameter) were removed from the third expanded leaf of the shoot apical meristem and incubated for 48h in the dark in 5mL of dimethyl sulfoxide solution (saturated with calcium carbonate). Absorbances were determined at 665, 649, and 480nm and the equations used for calculations were based on the method described by WELLBURN (1994) .
For histochemical analyses, samples were collected from the middle third of the stem. Cross sections were prepared using a table microtome (LPC, Rolemberg & Bohering, Retail and Import Ltda., Belo Horizonte, Brazil) and stained with phloroglucinol (JOHANSEN, 1940) to show lignin contents and dichromate (GABE, 1968) , demonstrating the presence of phenolic compounds. Observations and imaging were performed using a photomicroscope (AX70TRF, Olympus Optical, Tokyo, Japan) equipped with a U-Photo camera system. Morphogenic capacities of the plants were evaluated using number of shoots (longer than 2mm) per explant, number of calli per explant, average regeneration frequency, fresh weight and dry weight.
The experiments were performed in a completely randomized design consisting of 3 treatments (flasks with one, two and no membrane) and 15 replications in the germination stage and in a factorial scheme 5x2 (flask sealing x explants source) in the regeneration stage, with 10 replications. Data were transformed (arcsin x , for percentage data) when necessary and analyzed by analysis of variance followed by Tukey's test at 1% significance level for comparison of the means.
RESULTS AND DISCUSSION
The present study showed a significant effect on gas exchange levels for the following morphogenetic characteristics: percentage of germination, fresh weight, dry weight, hypocotyl length, leaf length, leaf width, number of leaves per plant, chlorophyll a, chlorophyll b, and carotenoids. Differences between one-and two-membrane flasks on germination, dry weight, hypocotyl length, leaf length, leaf width, and number of leaves per plant were non-significant, and the means were higher in those flasks than in the flasks without membranes (Table 1) .
The decrease of leaf chlorophyll content in in vitro grown plants can limit the photosynthetic rate by reducing light absorption (CHRISTENSEN et al., 2008) . In this study, for fresh weight, chlorophyll a, chlorophyll b, and carotenoids, the flasks with two membranes were superior to the others; although the treatment with one membrane was more efficient in increasing these characteristics than the treatment without membrane (Table 1) .
The phloroglucinol test showed decreased plantlet vascular tissue lignin contents (xylem) from plants grown in flasks without membranes compared to those grown in flasks with 1 and 2 membranes ( Figures 1A, 1B, and 1C ). This behavior was also observed by RICHET et al. (2012) , where under elevated CO 2 carbon supply poplars showed increased lignin content, what evidences that Capsicum plants require higher gas exchange rates for optimum synthesis of lignin. In culture flasks with limited gas exchange, there is an increase in the humidity inside and limitation of CO 2 concentration during photoperiod, which contributes to reduced differentiation of vascular tissue in in vitro propagated plants (MOHAMED & ALSADON, 2010) .
In the dichromate test, two-membranetreatment plants showed larger and more intense reddish-brown color reactions, characteristic of phenolic compounds, than flasks with 1 membrane or no membrane ( Figures 1D, 1E, and 1F) . JAAFAR et al. (2012) also reported that the enrichment of CO 2 lead to increased expression of phenolic compounds in Labisia pumila. These results demonstrated a correlation between phenolics and morphogenesis characteristics, which were more developed in higher CO 2 rates.
Increased gas exchange from the use of membranes directly influenced the development of morphogenesis in C. annuum, promoting plant characteristics like rusticity and maturity highlighted by increased fresh and dry weight values. Similar results were reported in orchids of the genus Phalaenopsis cultivated in a higher CO 2 concentration atmosphere, which showed increased biomass production (YOON et al., 2009) .
Plantlets grown in flasks with membranes that increased gas exchange showed better anatomical characteristics, such as a better-developed vascular system and high concentration of phenolic compounds. Similar results were found in Capsicum chinense Jacq. plantlets grown in vessels that provided more gas exchange, which showed thicker epidermal cells and thicker and more differentiated vascular tissues (SANTANA-BUZZY et al., 2005) . Means indicated by the same letters are not significantly different as assessed by the Tukey test at 1% probability level. GRM = germination (%); FW = fresh weight (g); DW = dry weight (g); NL/P = number of leaves per plantlet; HL = hypocotyl length (cm); LL = leaf length (mm); LW = leaf width (mm); CLa = clorophyll a (µg cm -2 ); CLb = clorophyll b (µg cm -2 ); TCa = total carotenoids (µg cm -2 ).
Higher gas exchange can increase the quality of plants grown in vitro as well as positively influence various tissue culture systems, such as roots, undifferentiated calli, and suspension cultures. RODRIGUES et al. (2011) evaluating the effect of gas exchange on the in vitro propagation of neem (Azadirachta indica), suggested that the use of membranes that allow higher gas exchange can improve shoot quality, reducing the occurrence of chlorosis and leaf senescence. Similarly, we observed that plantlets of C. annuum cultured under higher gas exchange conditions showed less occurrence of leaf abscission, senescence, hyperhydricity, and chlorosis.
A positive effect of increased airflow on C. annuum shoot induction was observed, which is similar to results obtained by MOHAMED & ALSADON (2011) with the same species. The authors reported that increased gas exchange in culture flasks resulted in better-developed shoots.
During the regeneration stage, both explant type and gas exchange levels were statistically different, but their interaction was not. Hypocotyl segments showed higher fresh and dry weights and formed calli and shoots more effectively than cotyledon segments (Table 2) . Plantlets cultured in 2-membrane flasks induced the highest number of shoots (de novo shoot organogenesis), regardless of gas exchange levels in the germination stage, those grown in flasks with 1 membrane showed intermediary regeneration shoot frequency during germination and regeneration stages and plantlets cultivated in flasks without membranes during regeneration stages showed less regeneration ( Table 2) . The highest means of fresh and dry weights were obtained in plants grown in flasks without membranes in the regeneration phase, and the lowest means occurred in plants grown in flasks with 2 membranes in the regeneration phase; sealing type used in the germination stage in both treatments showed no influence. Flasks with 1 membrane showed intermediate values throughout the entire cultivation, similar to values shown in the other treatments (Table 2) . PIÑERO et al. (2014) suggested that the application of high CO 2 altered the hormonal balance, resulting in significant changes at the growth in Capsicum annuum.
An inverse relationship was reported between callus development and gas exchange. Callus formation was also influenced by explant source, and hypocotyl segments were more efficient than cotyledon segments. These results are contradictory to those reported by ZOBAYED et al. (1999) , who reported a positive correlation between these two characteristics.
CONCLUSION
The authors concluded that sealing type influenced the morphogenic responses of Capsicum annuum, suggesting that an increase in gas exchange has a positive effect on biomass production and acclimatization of the plantlets. However, the cultivation of explants in flasks with lower gas exchange was more effective in callus induction than regeneration, and hypocotyls were more effective than cotyledons in morphogenesis induction. 
